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TECHNICAL MEMORANDUM 

I N T R O D U C T I O N  

I n  l a t e  November and ea r ly  December of  1967,  t h e  

T h i s  paper  was p repa red  i n  r e s p o n s e  t o  t h a t  r e q u e s t  

a u t h o r s  were asked t o  deve lop  t h e i r  p o i n t  of  view toward  
a b a l a n c e d  manned and unmanned p l a n e t a r y  program t h r o u g h  
1980.  
and r e p r e s e n t s  t h e  a u t h o r s '  t h i n k i n g  a t  t h a t p a r t i c u l a r  t i m e .  
The r a t i o n a l e  deve loped  i n  b r i e f  form i n  t h e  f o l l o w i n g  pages 
i s  a r e f l e c t i o n  of a l o n g  term p o i n t  o f  view.  The p a r t i c u l a r  
program s e l e c t e d  t o  i l l u s t r a t e  t h i s  r a t i o n a l e  r e p r e s e n t s  a n  
e s t i m 5 t . e  of t e c n n i c a l  f e a s i b i l i t y  and ms p3ssiS1e a l l o c a t i o n  of  
r e s o u r c e s .  A s  more i n f o r m a t i o n  becomes a v a i l a b l e  on t e c h n i c a l .  
d e t a i l s  and  r e s o u r c e s ,  the  program may change .  However, t h e  
r a t i o n a l e  e x p r e s s e d  i n  t h e  pape r  i s  e x p e c t e d  t o  r ema in  much 
as i t  i s  now. 

m. 

- CENERAL 

One b r a n c h  b u i l d s  on t h e  Mar iner  f l y b y s  of  Mars and Venus and  
u s e s  unmanned o r b i t e r s  w i t h  small  s u r v i v a b l e  l a n d e r s  and  
a t m o s p h e r i c  p r o b e s  as a p r e c u r s o r  t o  manned e x p l o r a t i o n .  T h i s  
b r a n c h  u s e s  t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  ach ievemen t s  of t h e  
unmanned f l i g h t s  t o  d e s i g n  and g u i d e  t h e  p l a n n i n g  of  a manned 
e x p l o r a t i o n  program. The second and t h i r d  b r a n c h e s  are aimed 
toward  t h e  s c i e n t i f i c  e x p l o r a t i o n  of  t h e  s o l a r  s y s t e m .  These 
b r a n c h e s  are i n c l u d e d  t o  p r o v i d e  e a r l y  knowledge of  t h e  r e s t  o f  
t h e  s o l a r  s y s t e m  ( e x c l u d i n g  t h e  s u n )  t o  p e r m i t  r a t i o n a l  p l a n n i n g  
of  s p a c e  e x p l o r a t i o n  i n  the  8 0 % .  The second b r a n c h  e x p l o r e s  
J u p i t e r  and t h e  major  p l a n e t s  and  i s ,  i n  a s e n s e ,  t h e  major  chal-  
l e n g e  t o  t h e  unmanned program. It o f f e r s  t e c h n o l o g y  a new c h a l l e n g e  
i n  s y s t e m s  and  r e l i a b i l i t y  and w i l l  p r o v i d e  s c i e n c e  w i t h  new data 
on t h e  n a t u r e  and s t r u c t u r e  o f  t h e  s o l a r  s y s t e m .  The t h i r d  b r a n c h  
i s  aimed towards  t h e  comets and a s t e r o i d s  and c a p i t a l i z e s  on M a r i n e r  
t e c h n o l o g y .  

' l I le  pl&i-jetzry ---r*nc,m y r v 6 A u . . .  ir? F L g l w  1 has t h r e e  b r a n c h e s .  

The program i n  F i g u r e  1 i s  based on a p a r t i c u l a r  
r a t i o n a l e  of  e x p l o r a t i o n  and c e r t a i n  a s sumpt ions  as t o  r e s o u r c e  
a v a i l a b i l i t y  and  management p o l i c y .  The ma jo r  a s sumpt ions  are: 

(1) It i s  n e c e s s a r y  t o  keep  t h e  o p t i o n  of manned 
p l a n e t a r y  e x p l o r a t i o n  i n  t h e  l a t e  1 9 7 0 ' s  open.  

N79-71816 - 
{NASA-CB-93467)  A F E A S I B L E  P L A N E T A R Y  
EXPLCRATION E R O G B A X  THEOTjGR 1980 (BellComm, 
Inc,) 17 p 

Unclas 
00 /12  12640 



BELLCOMM, INC. - 2 -  

( 2 )  It i s  d e s i r a b l e  t o  use i n d u s t r y  t o  b u i l d  f l i g h t  
hardware f o r  a t  l eas t  t h e  b r a n c h  l e a d i n g  t o  manned 
f l i g h t s .  

( 3 )  It i s  d e s i r a b l e  t o  keep t h e  s c i e n t i f i c  and t e c h -  
n i c a l  e x p e r t i s e  deve loped  i n  t h e  p l a n e t a r y  program 
o v e r  t h e  l a s t  decade i n t a c t .  

( 4 )  FY 69 f u n d i n g  w i l l  b e  t i g h t  b u t  new s t a r t s  w i l l  
be  p o s s ? b l e  f o r  p l a n e t a r y  f l i g h t  programs and 
t h e  l o n g  r a n g e  N A S A  a n n u a l  budget  w i l l  b e  between 
5 and 6 b i l l i o n  1 9 6 7  d o l l a r s .  

( 5 )  The n e x t  ma jo r  new s t a r t  o f  manned hardware w l l l  
b e  FY 7 1  o r  FY 7 2 .  

(6) The t y p e s  o f  l aunch  v e h i c l e  and major  c o n f i g u r a t i o n  
changes i n  t h e  o v e r a l l  p l a n e t a r y  program s h o u l d  be 
f e w  i n  number. 

An example o f  t h e  way tha t  t hese  a s sumpt ions  have 
in f l i i enzed  t h e  przgrarr! i s  that, t h e  f i r s t  manned m i s s i o n  shown 
i s  f o r  a 1978 t r i p l e  p l a n e t  f l y b y  even  though t h e  1977 t r i p l e  
p l a n e t  f l y b y  i s  e q u a l l y  a t t r a c t i v e  and i s  a l s o  t e c h n i c a l l y  
a c h i e v a b l e .  

Four  b a s i c  l a u n c h  v e h i c l e s  a p p e a r  a d e q u a t e  for 
D l a n e t a r y  e x p l o r a t i o n  th rough  1980.  These  i n c l u d e  t h e  
Atla; , , , , , i taur,  t h e  ' I ' i t an  111, and t h e  S a t u r n  V ,  w i t h  
p o s s i b l y  some u p r a t i n g  f o r  manned m i s s i o n s .  The e x p l o r a t i o n  
o f  J u p i t e r  and t h e  ma jo r  p l a n e t s  r e q u i r e s  a v e h i c l e  w i t h  
a p a y l o a d  c a p a b i l i t y  a t  h i g h  i n j e c t i o n  e n e r g i e s  beyond 
t h e  T i t a n  I11 c l a s s .  One p o s s i b i l i t y  here  i s  t h e  a d d i t i o n  
o f  a Cen tau r  uppe r  s t a g e  t o  t h e  T i t a n  I11 v e h i c l e .  To 
i l l u s t r a t e  t he  r e q u i r e d  c l a s s  o f  v e h i c l e ,  per formance  data  
from NASA TMX 60153, "Launch V e h i c l e  E s t i m a t i n g  F a c t o r s , "  
has been  used .  

C o n f i g u r a t i o n s  f o r  t h e  s p a c e c r a f t  have  n o t  been  
i d e n t i f i e d  i n  t h e  t e x t  o r  i n  F i g u r e  1 f o r  t he  p a r t i c u l a r  
m i s s i o n s ,  s i n c e  t h e  amount of fund ing  and the  r e l a t i v e  we igh t  
p l a c e d  on t h e  above assumpt ions  w i l l  d i c t a t e  t h i s  c h o i c e .  One 
view o f  these  a s sumpt ions  would d i c t a t e  a c h o i c e  o f  t h e  Langley  
l i t t l e  o r b i t e r * ,  A m e s  a tmosphe r i c  p r o b e s ,  and t h e  J P L  s u r v i v a b l e  
Mars impact  l a n d e r  f o r  t h e  main l i n e  Mars/Venus program. I n  
t h i s  view t h e  c u r r e n t  Mar iner  team would b e  aimed toward t h e  
comet and a s t e r o i d  m i s s i o n s  i n  t h e  l a t e r  1 9 7 0 ' s ,  concen- 
t r a t i n g  on Venus/Mercury swingby m i s s i o n s  i n  t h e  e a r l y  ' ~ O ' S ,  
and a new team would b e  formed and aimed toward  t h e  J u p i t e r  m i s s i o n s .  

* f o r  example,  as s t u d i e d  by t h e  Boeing Co. 
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The s c i e n t i f i c  o b j e c t i v e s  o f  t h e  m i s s i o n s  f o l l o w  
t h o s e  recommended by t h e  Space S c i e n c e  Board o f  t h e  N a t i o n a l  
Academy of S c i e n c e s  (1) and i n c l u d e  t h e  s e a r c h  f o r  l i f e  i n  t h e  
s o l a r  s y s t e m  and t h e  a c q u i s i t i o n  o f  a g e n e r a l  u n d e r s t a n d i n g  
of  t h e  a t m o s p h e r i c ,  s u r f a c e ,  and i n t e r i o r  p r o p e r t i e s  of  t h e  
p l a n e t s  w i t h i n  t h i s  system. The t e c h n o l o g i c a l  o b j e c t i v e s  
c e n t e r  on t h e  e x t e n s i o n  o f  our  s p a c e  f l i g h t  c a p a b i l i t i e s  t o  
pe r fo rm b o t h  manned and unmanned space e x p l o r a t i o n  on  a 
p l a n e t a r y  s c a l e ,  While p r i o r i t i e s  among t h e  v a r i o u s  o b j e c t i v e s  
a re  d i f f i c u l t  t o  assess, t h e  urgency o f  any p a r t i c u l a r  area 
of  e x p l o r a t i o n  i s  even  l e s s  t a n g i b l e .  There i s ,  however,  a n  
u rgency  a s s o c i a t e d  w i t h  p l a n e t a r y  e x p l o r a t i o n  which i s i n f l u e n c e d  
b y  where t h e  p l a n e t s  will ue L T L ~ L I V ~  cIu LuLuII u v  ---,, 
t ime .  F a v o r a b l e  o p p o r t u n i t i e s  f o r  p a r t i c u l a r  m i s s i o n s  e x i s t  
i n  t he  1970's and 1980's which are n o t  now known t o  be r e -  
peated f o r  t e n s  t o  hundreds  of yea r s .  F a v o r a b l e  i n  t h i s  
s e n s e  means that  t h e  m i s s i o n s  c a n  be  accompl ished  w i t h  a l e s se r  
e n e r g y  r e q u i r e m e n t .  

8 .  I - .-__ -.*-*e- 
0- . 

The  e x p l o r a t i o n  of Venus i s  c l o s e l y  t i e d  t o  t h a t  
o f  V s r s  t h r o u g h  t h e  m u l t i p l a n e t  manned f l y b y  m i s s i o n s ,  and 
rdiercury i s  t i e d  t o  'v'znils thrzugh t h e  umanned swingby 
m i s s i o n s  which r e d u c e  t h e  energy  r e q u i r e m e n t s  and  enhance  
t h e  y i e l d  of i n d i v i d u a l  m i s s i o n s .  A manned Mars l a n d i n g  o r  
o r b i t a l  m i s s i o n  i n  t h e  8 0 1 s  can be t h o u g h t  of  as p r o v i d i n g  
a f o c u s  f o r  t h e  s c h e d u l e s  o f  m i s s i o n s  t o  t hese  t h r e e  p l a n e t s ,  
w i t h  t h e  s c i e n t i f i c  o b j e c t i v e s ,  f l i g h t  o p p o r t u n i t i e s ,  and 
avali1ah1e t e c h n o l o a v  Drovid ing  c o n s t r a i n t s .  The s c h e d u l e  f o r  
f l i g h t s  t o  t h e  comets ,  asteroids,  and major  planeby is G L G L ~ L ~ A  
b y  s c i e n t i f i c  i n t e r e s t ,  w i t h  s u b s i d i a r y  t r a j e c t o r y  and  t e c h -  
no logy  c o n t r a i n t s .  O p p o r t u n i t i e s  f o r  m i s s i o n s  t o  t h e  comets  
and a s t e r o i d s  are s t r o n g l y  t i m e  dependen t .  The t i m i n g  o f  t h e  
m i s s i o n s  t o  J u p i t e r  i s  d i c t a t e d  by t h e  des i r e  t o  take advan tage  
of t h e  u n u s u a l l y  f a v o r a b l e  p o s i t i o n s  of t h e  o u t e r  p l a n e t s  i n  
t h e  l a t e  7 0 ' s .  

- -  

The f o l l o w i n g  format  i s  adop ted  i n  t h e  r e m a i n d e r  of  
t h e  Memorandum. Each o f  t h e  p l a n e t a r y  b o d i e s  d e s i g n a t i n g  a 
column i n  F i g u r e  1 w i l l  be  treated separa te ly .  T h i s  t r e a t m e n t  
w i l l  i d e n t i f y  t h e  o b j e c t i v e s  o f  e a c h  f l i g h t  i n  t h e  s c h e d u l e  
and a t t e m p t  t o  weave these  o b j e c t i v e s  i n t o  a n  o v e r a l l  e x p l o r a -  
t i o n  program f a b r i c .  S p e c i f i c  t e c h n o l o g y  advancements  w i l l  
b e  i d e n t i f i e d  where p o s s i b l e .  

M A R S  

Knowledge of t h e  p l a n e t  M a r s  t h a t  w e  w i l l  have a f t e r  
t h e  1969 Mar ine r  Mars m i s s i o n  w i l l  c o n s i s t  r o u g h l y  o f :  
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The topography and morphology o f  s e l e c t e d  areas o f  t h e  
s u r f a c e  from Mar ine r  low and modera t e  r e s o l u t i o n  TV.(2,3) 

I n f e r e n c e s  as t o  s u r f a c e  c o l o r  and compos i t ion  d e r i v e d  
from e a r t h - b a s e d  o b s e r v a t i  as, Mar ine r  low r e s o l u t i o n  
TV ( e i t h e r  r e d  or green  f i l t e r e d ) ,  and ' 6 9  Mar ine r  I R  
s p e c t r o s c o p y .  

S u r f a c e  i n f r a r e d  t emperasu res  measured from e a r t h  and 
t h e  ' 6 9  M a r i n e r ,  and r a d i o  e m i s s i o n  t e m p e r a t u r e s  meas- 
u r e d  from e a r t h .  

A l t i t u d e  p r o f i l e s  o f  a t m o s p h e r i c  r e f r a c t i v i t y  ( l e a d i n g  t o  
d e n s i t y , * . @ r e s s u r e ,  and t e m p e r a t u r e )  and i o n o s p h e r i c  e l e c -  
t r o n  d e n s i t y  a t  s e l e c t e d  . l o c a t i o n s  de t e rmined  from Mar ine r  

Some of t h e  c o n s t i t u e n t s  o f  t h e  a tmosphere  i d e n t i f i e d  
t h r o u g h  e a r t h - b a s e d  and ' 6 9  Mar ine r  s p e c t r o s c o p y .  

I ' d U I V  U L L u i b a b i v i l  cnp r ;~  L I L I C L , , , ~ .  

The cha rged  p a r t i c l e  and magne t i c  f i e l d  p r o p e r t i e s  
measured a l o n  t h e  t r a j e c t o r y  of t h e  Mar ine r  I V  f l y b y  
s p a c e c r a f t .  ( 4  f 
The o r b i t a l  parafiietera o f  t h e  m c n s  cf F b r F  frnm Parth- 
based o b s e r v a t i o n s .  

The dynamica l  pa rame te r s  o f  Mars as de te rmined  b y  e a r t h -  
based o p t i c a l  and radar t e c h n i q u e s .  

Ma.ior areas o f  f u t u r e  i n t e r e s t  i n c l u d e :  

(1) A s e a r c h  f o r  ev idence  o f  e x i s t i n g  or f o s s i l  l i f e .  

( 2 )  The dynamics,  s t r u c t u r e  and c o m p o s i t i o n  ( i n c l u d i n g  
minor  components)  of t h e  a tmosphe re .  

( 3 )  The morphology, b e a r i n g  s t r e n g t h  and c o m p o s i t i o n  of 
t h e  s u r f a c e ,  i n c l u d i n g  t e m p o r a l  v a r i a t i o n s  of  t h e  
wave of  d a r k e n i n g  and p o l a r  c a p s .  

( 4 )  The s t r u c t u r e  of t h e  i n t e r i o r  and a knowledge o f  pos- 
s i b l e  s e i s m i c i t y  and vo lcan i sm.  

The e x p l o r a t i o n  o f  Mars shown i n  F i g u r e  1 b e g i n s  w i t h  t h e  
two 1 9 6 9  M a r i n e r  f l y b y s ,  and phases i n t o  a n  o r b i t a l  program u s i n g  
a t m o s p h e r i c  and lander  p r o b e s .  T h i s  i s  f o l l o w e d  by a s e r i e s  o f  
manned m i s s i o n s .  

The 1969 Mar iner  Mars f l y b y  i s  t h e  l a s t  o f  t h e  c u r r e n t l y  
funded  m i s s i o n s  i n  NASA's p l a n e t a r y  program. The s p a c e c r a f t  i s  a n  
advanced v e r s i o n  of t h e  1 9 6 4  Mar iner  Mars s p a c e c r a f t  and u s e s  t h e  
A t l a s / C e n t a u r  as t h e  l a u n c h  v e h i c l e .  The m i s s i o n  pay load  r e p l a c e s  
t h e  ' 6 4  p a r t i c l e s  and f i e l d s  expe r i r r en t s  b y  I R  and UV s p e c t r o m e t r y  
and I R  r a d i o m e t r y  a t  Mars. Also,  t h i s  m i s s i o n  s h o u l d  r e t u r n  a 
b e t t e r  s e l e c t i o n  of TV p i c t u r e s ,  i n c l u d i n g  b o t h  low and 
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modera te  r e s o l u t i o n  p i c t u r e s  ( 2  cameras)  and s e v e r a l  o f  t h e  f u l l  
p l a n e t  d i s k .  Improvements i n  the  communications s y s t e m ,  such  as 
u s e  o f  t h e  210' Golds tone  r e c e i v e r ,  w i l l  i n c r e a s e  t h e  data  
r e t u r n  c a p a b i l i t y  by  about  2 orders  o f  magni tude  compared t o  
Mar ine r  I V .  

Launch v e h i c l e  s e l e c t i o n  i s  r e l a t i v e l y  s t r a igh t -  
fo rward  for t h e  p o s t  ' 6 9  unmanned m i s s i o n s  i f  t h e  r e q u i r e m e n t s  
s t a t ed  i n  t h i s  Memorandum a re  a c c e p t e d .  The A t l a s / C e n t a u r  
p r o v i d e s  m a r g i n a l  pay load  c a p a b i l i t y  i n  Mars and  Venus o r b i t  
i n  t h e  e a r l y  t o  mid-19701s, and v i r t u a l l y  no p robe  d e l i v e r y  
c a p a b i l i t y .  T h e r e f o r e ,  t h e  T i t a n  1 1 1 - C  i s  s u g g e s t e d  as t h e  
l a u n c h  v e h i c l e  f o r  t h i s  program t h r u  1973.  T h i s  p r o v i d e s  t h e  
m a r a i n  on a TvDe I t r a j e c t o r y  f o r  r o u g h l y  300-600 l b s  o f  i n -  
o r b i t  s c i e n c e  p l u s  t h e  c a p a c i t y   IO^ ar; I ~ ~ S I ,  ULLC a b l l l u Q p i A L L  I, 
or s u r v i v a b l e  imDact ing lander p robe  f o r  e a c h  o f  t h e  1971- 
1973 Mars and Venus o r b i t a l  m i s s i o n s  shown i n  F i g u r e  1. 
Mars 1975 and 1977 f l i g h t s  us ing  a T i t a n  1 1 1 - C  would r e q u i r e  
Type  I1 t r a j e c t o r i e s  t o  have an  e q u i v a l e n t  p a y l o a d .  

P r e l i m i n a r y  s t u d i e s  o f  a n  o r b i t a l  s p a c e c r a f t  i n  t h e  
800 l b  c l a s s  have been  c a r r i e d  o u t  by J P L ,  u s i n g  a Mar iner  
d e r i v a t i v e ,  m d  t h e  Eoeing Company, u s i n g  a Lunar  O r b i t e r  
d e r i v a t i v e .  T n e  two app170aciies cIc  --- q u i t e  similar i n  t h e  p o s s i b l e  
data r e t u r n .  Both o f  these s t u d i e s  have assumed th ree  pr ime 
o b j e c t i v e s  f o r  t h e  o r b i t a l  s p a c e c r a f t :  Mars o r b i t ,  Venus 
o r b i t ,  and l u n a r  o r b i t .  The l u n a r  o r b i t  a p p l i c a t i o n s  w i l l  n o t  
be d i s c u s s e d  here .  

- 3  - - - - ' - - - +  - - n r \ n + i i n i f ~ r  f n r  a n  o r b i t e r  m i s s i o n  t o  I11c G a l  LAL- v vrr-A - - 
Mars i s  1971 ,  and there  i s  s u f f i c i e n t  t i m e  t o  meet t h i s  da t e  
w i t h  some FY 68 f u n d i n g  f o r  l ong  lead  i tems and a c c e l e r a t e d  
FY 69 f u n d i n g .  The l a c k  o f  fund ing  p r i o r  t o  FY 70 would 
p r o b a b l y  d i c t a t e  a spare p a r t s  m i s s i o n  i n  1971.  A T i t a n -  
based program would a l l o w  ample  c a p a b i l i t y  f o r  a p r o b e ,  and 
t h e  t y p e  recommended i s  t h e  s u r v i v a b l e  s u r f a c e  i m p a c t e r  under  
development  a t  J P L . ( 5 ) I n  i t s  nominal d e s i g n  t h i s  p robe  weighs 
a b o u t  350 l b s  i n c l u d i n g  a n  i n s t r u m e n t e d  e n t r y  s h e l l ,  l a n d e r  
p r o b e  encased  i n  balsa  wood, and p a r a c h u t e  s y s t e m .  The l a n d e r  
would impact  Mars a t  abou t  1 0 0  f e e t / s e c  i n  a 5 m i l l i b a r  atmos- 
phe re .  About 1 3  pounds o f  s c i e n t i f i c  i n s t r u m e n t a t i o n  c a n  be  
landed i n  t h i s  manner.  The i n s t r u m e n t e d  e n t r y  s h e l l  measures  
thermodynamic p r o p e r t i e s  o f  t h e  a tmosphere  d u r i n g  d e s c e n t .  An 
" o r b i t e r  o n l y "  m i s s i o n  t o  Mars i n  1971 i s  a v a i l a b l e  u s i n g  
t h e  A t l a s / C e n t a u r .  The s c i e n t i f i c  pay load  f o r  t h i s  m i s s i o n  
u s i n g  t h e  Boeing numbers i s  a p p r o x i m a t e l y  2 0 0  l b s .  

The s c i e n t i f i c  payload  of  t h i s  f i r s t  o r b i t e r  s h o u l d  con- 
t i n u e  t h e  a t t a c k  on t h e  m a j o r  s c i e n t i f i c  q u e s t i o n s  a b o u t  t h e  
p l a n e t .  T h i s  m i s s i o n  shou ld  e s t a b l i s h  a s t r a t e g y  f o r  e x p l o r a -  
t i o n  by  t h e  n e x t  t h r e e  o r b i t e r / p r o b e  m i s s i o n s ,  which i n  t u r n  
s h o u l d  es tab l i sh  t h e  s t r a t e g y  f o r  t h e  manned f l y b y  m i s s i o n s .  
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A s i g n i f i c a n t  expe r imen t  t o  carry o u t  i n  o r b i t  would be  
o p t i c a l  imagery of t h e  s u r f a c e  u s i n g  a v i d i c o n  s y s t e m  w i t h  
c o l o r  f i l t e r s .  Although t h i s  would n o t  a c h i e v e  t h e  r e s o l u t i o n  
of a p h o t o  subsys tem,  i t  would p r o v i d e  a c o l o r  t i m e  h i s t o r y  o f  
t h e  wave of d a r k e n i n g  o v e r  a l a r g e  f r a c t i o n  of t h e  p l a n e t  
s u r f a c e .  A s u p p l e m e n t a l  i n f r a r e d  map o f  t h e  s u r f a c e  e m i s s i o n  
t e m p e r a t u r e  would a l s o  be of i n t e r e s t .  
wave o c c u l t a t i o n  expe r imen t  d u r i n g  a nominal  6-month m i s s i o n  
d u r a t i o n  would d e t e r m i n e  p r o f i l e s  of  a tmosDheric  p r e s s u r e  
and i o n o s p h e r i c  e l e c t r o n  d e n s i t y  a t  hundreds  of  p o i n t s  a round t h e  
p l a n e t .  

The i n s t r u m e n t e d  e n t r y  s h e l l  of t h e  s u r v i v a b l e  
s u r l ' a c  e i m p a c t e r  Woula r e  c or a se l e  c T; ea cnerrnouy iiaiu c: pi.up,tl. I, IC 3 

a l o n g  a v e r t i c a l  p r o f i l e  i n  t h e  a tmosphe re .  These data w i l l  
a f f e c t  t h e  t a r g e t i n g  and guidance  s t r a t e g y  of more s o p h i s t i c a t e d  
l ande r  p r o b e s  l aunched  f rom subsequen t  manned r e c o n n a i s s a n c e  
and r e t r i e v a l  m i s s i o n s  o r  l a r g e r  fo l low-on unmanned p r o b e s .  
A n a l y s i s  o f  data f rom t h i s  f i r s t  f l i g h t  s h o u l d  d e t e r m i n e  
whether  t h e r e  i s  a r e q u i r e m e n t  f o r  a l a t e r  o r b i t e r  m i s s i o n  
w i t h  m u l t i p l e  a t m o s p h e r i c  p robes .  The p l a n  shown i n  F i g u r e  1 
woiild d e l i v e r  f i v e  i n s t r u m e n t e d  e n t r y  s h e l l s  on what  are p r i -  

Repea t ing  t h e  r a d i o  

irlal'iiy iaiider P T O ~ ~  iliissi~lii~ . 
The l a n d e r  p robe  shou ld  have a l i f e t i m e  of  s e v e r a l  

d a y s .  It would be i n t e r e s t i n g  t o  t r y  a l i f e  d e t e c t i o n  e x p e r i -  
ment on t h e  1 9 7 1  m i s s i o n ,  and a g a s  chromatograph  i s  a good 
c a n d i d a t e  s i n c e  i t  d e t e c t s  a tmosphe r i c  gas  components as w e l l  
as s u r f a c e  o r g a n i c  s u b s t a n c e s  o f  b i o l o g i c  i n t e r e s t .  P r e s s u r e  
and t e m p e r a t u r e  v a r i a t i o n s  d u r i n g  a d i u r n a l  c y c l e  and  a n  i n i t i a l  
s o i l  mechanics  expe r imen t  would a l s o  be  o f  i n t e r e s t  and w i t h i n  
t h e  c a p a b i l i t y  o f  such  a l a n d e r .  

The 1973 o p p o r t u n i t y  i s  p r o b a b l y  t h e  l a s t  chance  for 
an  o r b i t e r / p r o b e  m i s s i o n  t o  Mars u s i n g  a T i t a n  1 1 1 - C  l a u n c h  v e h i c l e  
on a Type I t r a j e c t o r y  u n t i l  a f t e r  1 9 7 7 .  Based on a n  a n a l y s i s  of 
1 9 7 1  m i s s i o n  d a t a ,  two s p a c e c r a f t  could be l aunched  i n  1973  w i t h  
t h e  o b j e c t i v e  o f  d e l i v e r i n g  i m p a c t i n g  l a n d e r s  t o  d i f f e r e n t  areas.  
A v i d i c o n  T y s t e m  w i t h  c o l o r  f i l t e r s  would a g a i n  be t h e  pr ime 
o r b i t a l  e x p e r i m e n t .  I n  a d d i t i o n  t o  t h e  Mars s u r f a c e ,  Phobos 
and Deimos would make i n t e r e s t i n g  p h o t o g r a p h i c  s u b j e c t s .  The 
p e r i a p s i s  p o i n t s  of  t h e  two s p a c e c r a f t  o r b i t s  would b e  s e l e c t e d  
a t  d i f f e r e n t l o c a t i o n s  t o  p r o v i d e  i n c r e a s e d  TV cove rage  of t h e  
s u r f a c e .  

The pr ime o b j e c t i v e  o f  t h e  l a n d e r  m i s s i o n  would a g a i n  
be  l i f e  d e t e c t i o n .  Assuming t h e  e a r l i e r  g a s  chromatography 
e x p e r i m e n t  worked, emphasis  could  now be d e v o t e d  t o  e x o b i o l o g y .  
A r e a s o n a b l e  expe r imen t  might  b e  one which d e t e c t s  me tabo l i sm and 
growth  of micro-organisms.  P r e s s u r e ,  t e m p e r a t u r e ,  and s o i l  mechanics  
e x p e r i m e n t s  c o u l d  a l s o  b e  r e p e a t e d .  
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By 1975 t e c h n o l o g i c a l  advancements  i n  pho tosys t ems  
( e . g . ,  d i e l e c t r i c  t ape  cameras)  shou ld  be a v a i l a b l e .  Improvements 
i n  t h e  t e l ecommunica t ion  subsystem ( e . g . ,  f o l d a b l e  a n t e n n a s  w i t h  
i n c r e a s e d  a p e r t u r e  areas)  should  supp ly  t h e  c a p a c i t y  t o  suppoTt 
an  i n c r e a s e d  b i t  r a t e ,  making h i g h  r e s o l u t i o n  p h o t o g r a p h i c  cove rage  
o f  t h e  s u r f a c e  f e a s i b l e .  Tracking  and a t m o s p h e r i c  d e n s i t y  da ta  
from t h e  1 9 7 1  and 1 9 7 3  m i s s i o n s  shou ld  a l l o w  a lower  p e r i a p s i s  
a l t i t u d e  f o r  subsequen t  m i s s i o n s ,  and s t e r i l i z e d  o r b i t a l  space-  
c r a f t  may a l s o  be a d o p t e d .  The emphasis cf  s u r f a c e  imagery 
s h o u l d  s h i f t  from low r e s o l u t i o n  c o l o r  a s p e c t s  t o  h i g h e r  r e s o l u -  
t i o n  topography and morphology. S i t e  s e l e c t i o n  f o r  subsequen t  
s o f t  l a n d e r s  i s  a ma jo r  o b j e c t i v e .  These sys tem improvements 

f o r  t h e  1 9 7 5  and’1977  t h a n  f o r  t h e  1973 m i s s i o n .  
- - A  - . . - m h r r t n ~  n h n l r + n a m n n i - c  r k r n l : l d  1 n ~ d  t n  a l n r ~ ~ r  nvhital v e h i c l e  

The a t m o s p h e r i c  e n t r y  a n g l e  o f  t h e  l a n d e r  p robe  may 
b e  s e l e c t e d  t o  p r o v i d e  s p e c i f i c  data  f o r  l a t e r ,  more s o p h i s t i -  
c a t e d  p r o b e s .  The exper iment  payload  of  t h e  e n t r y  s h e l l  may 
a l s o  b e  changed from t h a t  on t h e  1 9 7 1  and 1 9 7 3  m i s s i o n s .  The 
l a n d e r  p robe  i t s e l f  cou ld  b e  t a rge ted  t o  a s p e c i f i c  area on t h e  
s u r f a c e  based on e a r l i e r  imagery. T h e  p r i m e  expe r imen t  o b j e c t i v e  
would be  e x o b i o l o g y ,  w i t h  ti1.e p a r t i c u l a r  i n s t r u m e n t a t i o n  t o  b e  
d e t e r m i n e d .  

1977 r e p r e s e n t s  t h e  f i n a l  p r e c u r s o r y  s i t e  su rvey  
o p p o r t u n i t y .  E m p h a s i s  would be focused  on p a r t i c u l a r  s i t e s  o f  
i n t e r e s t  f o r  samFle c o l l e c t i o n .  P o s s i b l e  i n n o v a t i o n s  i n  t h e  
o r b i t e r  phcJto subsys tem might  i n c l u d e  c o l o r  f i l t e r s .  A f a c -  
s i m i l e  s c a n  s y s t e m  on t h e  l a n d e r  would p r o v i d e  small  s c a l e  
topography  of a p o t e n t i a l  l a n d i n g  s i t e  and t h e  f i r s t  i n f o r m a t i o n  
on s u r f a c e  m i c r o - r e l i e f .  

The l a r g e r  o r b i t e r  anc? l a n d e r s  coup led  w i t h  t h e  
i n c r e a s e d  ene rgy  r e q u i r e m e n t s  o f  t h e  1 9 7 5  and 1 9 7 7  m i s s i o n s  
appear t o  r e a u i r e  a l a u n c h  v e h i c l e  i n t e r m e d i a t e  between t h e  
T i t a n  1 1 1 - C  and t h e  S a t u r n  V .  
r e q u i r e m e n t s  and t h e  p o s s i b i l i t y  of d e l a y s  i n  o b t a i n i n g  t h e  l a r g e r  
p a y l o a d  c l a s s  of  o r b i t e r s  and p robes  l e a v e  t h e  l a u n c h  v e h l c l e  and 
s p a c e c r a f t  f o r  t h e s e  m i s s i o n s  as open q u e s t i o n s  a t  t h i s  t i m e .  

However, u n c e r t a i n t y  i n  m i s s i o n  

I n  l a t e  1979 t h e  f i r s t  manned f l y b y  m i s s i o n  shown i n  
F i g u r e  1 would r e a c h  Mars. The prime o b j e c t i v e  i s  t h e  r e c o v e r y  of  
a sample  from t h e  Mars s u r f a c e  f o r  l i f e  d e t e c t i o n  e x p e r i m e n t s .  (6) 
A s econdary  o b j e c t i v e  i s  t h e  e s t a b l i s h m e n t  o f  g e o p h y s i c a l  
s t a t i o n s  on t h e  Mars s u r f a c e .  Both o b j e c t i v e s  can  be met 
by s o f t  l a n d i n g  p r o b e s .  The former  o b j e c t i v e  r e q u i r e s  
a p r o b e  c a p a b l e  o f  r e t u r n i n g  t o  t h e  manned v e h i c l e .  The 
r e t u r n e d  samples  w i l l  be examined for l i f e  forms and 
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p a t h o g e n i c i t y  on boa rd  t h e  manned s p a c e c r a f t  b e f o r e  b e i n g  
r e t u r n e d  t o  ea r th  f o r  more d e t a i l e d  a n a l y s i s .  High r e s o l u t i o n  
t e l e s c o p i c  photography from t h e  manned v e h i c l e  d u r i n g  p e r i a p s i s  
p a s s a g e  can  p r o v i d e  s u r f a c e  d e t a i l  t o  a l e v e l  o f  a p p r o x i m a t e l y  
t e n  meters.  

The o b j e c t i v e s  of t h e  1981  manned f l y b y  m i s s i o n  a re  
sample r e t u r n  and s i t e  su rvey .  The n a t u r e  o f  t h e  s i t e  s u r v e y  
w i l l  depend on whether  t h e  1984-5 m i s s i o n  i s  p l anned  as a manned 
l a n d e r  or o r b i t e r .  The d e c i s i o n  on t h i s  would p r o b a b l y  be  made 
b e f o r e  t h e  f i r s t  manned f l y b y  m i s s i o n  l e f t  e a r t h .  If t h e  q u e s t i o n  
of l i f e  on Mars c o u l d  be s e t t l e d  b e f o r e  a manned l a n d i n g  a t t e m p t ,  
t h e  p r i o r  knowledge of  t h e  forward  and back  c o n t a m i n a t i o n  prob- 
lems would r e d u c e  t h e  complexi ty  and weight  o f  t h e  manned l a n d i n g  
sys tem.  

VENUS 

The p r e s e n t  knowledge o f  t h e  p l a n e t  Venus c o n s i s t s  
r o u g h l y  o f  t h e  f o l l o w i n g :  

(1) A t r a c e  t h r o u g h  t h e  p a r t i c l e  and magnet ic  f i e l d  env i ron -  
ment ybove t h e  p l a n e t  a tmosphere  as obse rved  by M a r i n e r s  I1 
and aiid the ~ i 3 c c i p n  lLUVUIU-rl  Venus 4 n r h i t a l  p r o b e .  ( 8 )  

( 2 )  I n f r a r e d  t e m p e r a t u r e s  ( p r o b a b l y  a t  t h e  t o p  of  t h e  c l o u d s )  
and microwave t e m p e r a t u r e s  ( p r o b a b l y  a t  t h e  s u r f a c e )  from 
b o t h  Mar ine r  I1 and e a r t h - b a s e d  measurements .  

( 3 )  Major a tmosphe r i c  c o n s t i t u e n t s  and a p r o f i l e  o f  p r e s s u r e  
and t e m p e r a t u r e  below 26 km a t  one p . t on t h e  n i g h t  
s i d e ,  from t h e  Venus 4 l a n d e r  p r o b e .  ?if 

( 4 )  A l t i t u d e  p r o f i l e s  of a t m o s p h e r i c  r e f r a c t i v i t y  ( l e a d i n g  t o  
d e n s i t y ,  p r e s s u r e ,  and t e m p e r a t u r e )  and i o n o s p h e r i c  e l e c -  
t r o n  d e n s i t y  a t  two l o c a t i o n s  de t e rmined  from t h e  
Mar ine r  V r a d i o  o c c u l t a t i o n  e x p e r i m e n t s .  

( 5 )  The d e n s i t y  o f  hydrogen i n  t h e  o u t e r  a tmosphere  (Mar iner  V )  
and t h e  i d e n t i f i c a t i o n  o f  s e l e c t e d  components of t h e  lower  
a tmosphere  ( e a r t h - b a s e d  s p e c t r o s c o p y ) .  

( 6 )  Dynamical pa rame te r s  of  Venus as d e t e r m i n e d  by earth-based 
o p t i c a l  and r a d a r  t e c h n i q u e s .  

The U .  S .  program has been  c o n f i n e d  t o  r emote  s e n s i n g  from f l y b y  
s p a c e c r a f t  and e a r t h .  N e i t h e r  t h e  U .  S .  n o r  t h e  R u s s i a n s  have 
pho tographed  Venus from a space  p robe .  

The m a j o r  areas of  f u t u r e  i n t e r e s t  i n c l u d e :  

(1) L i f e  d e t e c t i o n  a t  Venus, e i t h e r  i n  t h e  a tmosphere  or 
c o n c e i v a b l y  a t  h igh  s u r f a c e  e l e v a t i o n s  where t h e  t e m -  
p e r a t u r e  would be lower t h a n  a v e r a g e .  
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( 2 )  Composi t ion of t h e  c l o u d s .  

( 3 )  C i r c u l a t i o n  o f  t h e  a tmosphere .  

(4) S u r f a c e  topography and morphology. 

( 5 )  I n t e r n a l  s t r u c t u r e  and compos i t ion .  

O p t i c a l  imagery has proved t o  be one of  t h e  most 
i n f o r m a t i v e  t y p e s  of data i n  t h e  e x p l o r a t i o n  o f  Mars and t h e  
moon. It i s  c o s t l y  data because  of t h e  r e q u i r e d  communication 
' - - - a - r * d + h -  - -.- ~ h i , - h  i s  a t  a Dremium on a p l a n e t a r y  m i s s i o n .  Assuming 
t h a t  o p t i c a l  imagery  of  Venus w i l l  b e  an O D J ~ G L L V C  uJ. u I I b  -.-..----- 
program i n  t h e  e a r l y  t o  m i d - 1 9 7 0 1 s ,  i t  s h o u l d  be d e c i d e d  as soon 
as p o s s i b l e  whether  t h e  imagery s h o u l d  b e  a c q u i r e d  v i a  a v i d i c o n  
or a p h o t o  subsys tem.  I f  Venus i s  comple t e ly  c o v e r e d  by  c l o u d s  
a t  a l l  t imes ,  a low r e s o l u t i o n  v i d i c o n  s y s t e m  s h o u l d  s u f f i c e  
t o  do a j o b  similar t o  t h a t  o f  T i r o s  on ea r th .  T h i s  c o u l d  b e  
a f a i r l y  a d a p t i v e  s y s t e m  w i t h  a p h o t o  c e l l  t o  a d j u s t  t h e  v i d i c o n  
i r i s ,  p r o b a b l y  r e q u i r i n g  l i t t l e  p r e c u r s o r y  i n f o r m a t i o n  on c l o u d  
a l b e d o ,  e t c .  I f ,  however,  t h e  s u r f a c e  i s  v i s i b l e  t h r o u g h  t h e  
c l o u d s ,  a h igh  r e s o l u t i o n  pho tograph ic  system x i l l  p r o b a b l y  be c a l l e d  
f o r .  The d e s i g n  and o p e r a t i o n  o f  t h i s  s y s t e m  w i l l  be  more s t r a i g h t -  
f o r w a r d  i f  d e t a i l e d  p r e c u r s o r y  data  on a t m o s p h e r i c  and s u r f a c e  l i g h t  
l e v e l s  are  a v a i l a b l e .  A m i s s i o n  which w i l l  r e t u r n  TV p i c t u r e s  
is d e s i r a b l e  as soon as p o s s i b l e  i n  o r d e r  t o  make t h e  n e c e s s a r y  
d e c i s i o n s  b e a r i n g  on t h e  r e q u i r e m e n t s  f o r ,  and d e s i g n  o f ,  a photo-  
g r a p h i c  subsys tem.  

---- - -- A ;I - . .  

The e a r l i e s t  f e a s i b l e  o p p o r t u n i t y  f o r  a n o t h e r  m i s s i o n  
t o  Venus i s  1970.  An a t t r a c t i v e  p o s s i b i l i t y  f o r  t h i s  oppor-  
t u n i t y  i s  a f l y b y  m i s s i o n  w i t h  a r v i t y  a s s i s t  a t  Venus t h a t  

p a y o f f  on t h e  TV expe r imen t  s i n c e  any s p a c e  pho tography  of  
Mercury i s  g u a r a n t e e d  t o  b e  e x c i t i n g .  T h i s  m i s s i o n  c o u l d  b e  
accompl i shed  u s i n g  t h e  s o - c a l l e d  "spare parts' '  Mar ine r  '69 
s p a c e c r a f t  l aunched  on a n  A t l a s / C e n t a u r .  Because o f  t h e  s h o r t  
t i m e  a v a i l a b l e ,  p r o b e s  would not  b e  c o n s i d e r e d  f o r  t h i s  m i s s i o n .  
Radiometer  and s p e c t r o m e t e r  i n s t r u m e n t a t i o n  would be c a r r i e d  on 
t h e  f l y b y  s p a c e c r a f t .  The TV imagery  s h o u l d  be o b t a i n e d  i n  
t h e  v i s i b l e  and n e a r  u l t r a v i o l e t  a t  Venus s i n c e  t h e r e  are  
r e p o r t s  of  c l o u d  mot ion  r e c o r d e d  i n  t h e  UV from ea r th .  

w i l l  also p r o v i d e  a Mercury f l y b y  79Y T h i s  w i l l  p r o v i d e  a d u a l  

I n  1 9 7 2  t h e  T i t a n  1 1 1 - C  o r b i t e r  program s h o u l d  p l a c e  
t h e  f i r s t  U.S. s p a c e c r a f t  i n  o r b i t  abou t  Venus. The pr ime 
o r b i t a l  expe r imen t  s h o u l d  b e  TV, w i t h  s e l e c t e d  f i l t e r s ,  t o  
map c l o u d  morphology and motion and make a c o n c e n t r a t e d  s e a r c h  
o v e r  t h e  e n t i r e  p l a n e t  for v i s i b l e  a c c e s s  t o  t h e  s u r f a c e .  An 



BELLCOMM, INC. - 10 - 

imaging  radar  sys tem would g u a r a n t e e  low r e s o l u t i o n  p i c t u r e s  
of  t h e  s u r f a c e  i n  t h e  microwave p o r t i o n  o f  t h e  spec t rum.  A 
s i n g l e  a t m o s p h e r i c  p robe  could  b e  c a r r i e d  t o  measure atmos- 
p h e r i c  thermodynamic p r o p e r t i e s  i n  t h e  r e g i o n  above 26  km as 
w e l l  as below. T h i s  thermodynamic data would be used f o r  t h e  
d e s i g n  o f  m e t e o r o l o g i c a l  b a l l o o n s  which w i l l  be d e l i v e r e d  
d u r i n g  l a t e r  manned f l y b y  m i s s i o n s .  

1973 i s  a p p a r e n t l y  t h e  l a s t  f a v o r a b l e  o p p o r t u n i t y  
for a Venus g r a v i t y  a s s i s t  t o  Mercury u n t i l  1 9 8 2  ( t h i s  w i l l  b e  
d i s c u s s e d  i n  t h e  n e x t  s e c t i o n  on Mercury ) .  I n  view of t h i s ,  

- 0 n n n d  c r ~ ~ i n v h v  m i s s i o n  i s  s u g g e s t e d  u s i n g  t h e  ' 6 9  Mar ine r  
c l a s s  s p a c e c r a f t  and T i t a n  1 1 1 - C  l a u n c h  v e h i c l e .  'I'V w i l l  ut: 
c a r r i e d  as t h e  pr ime s p a c e c r a f t  expe r imen t  f o r  Mercury.  Some 
p i c t u r e s  w i l l  be t a k e n  of Venus, a l t h o u g h  t h e y  may be a n t i -  
c l i m a c t i c  a f t e r  t h e  1 9 7 2  o r b i t e r  m i s s i o n .  The pr ime Venus 
expe r imen t  w i l l  be a s u r v i v a b l e  s u r f a c e  i m p a c t i n g  p robe  (lo) A 
p r o b e  we igh ing  i n  e x c e s s  o f  600 l b s  can  b e  d e l i v e r e d  w i t h  an  
800 l b  f l y b y  s p a c e c r a f t  by t h e  T i t a n  1 1 1 - C .  T h i s  p r o b e  would 
s u r v i v e  a t  l ea s t  one hour  on t h e  ground and r e l a y  data t o  t h e  
f l y b y  bus  on l a n d i n g  dymmics ,  l i g h t  l e v e l ,  t e m p e r a t u r e ,  p r e s s u r e  

to b e g i n  a s u r v e y  o f  s u r f a c e  c o n d i t i o n s  t o  d e t e r m i n e  whether  
more s o p h i s t i c a t e d  s o f t  l a n d i n g  p r o b e s  have  any r o l e  i n  t h e  
f u t u r e  e x p l o r a t i o n  o f  Venus. 

and wind v e l o c i t y .  The main f u n c t i o n  o f  t h i s  imdei?  p,l-uuc - - l l h n  I O  

The 1 9 7 5  o p p o r t u n i t y  s h o u l d  c a p i t a l i z e  on p r e v i o u s  
s u r f a c e  imagery and Venus l a n d e r  t e c h n o l o g y  t o  l a u n c h  two 
o r b i t e r  f l i g h t s  w i t h  impac t ing  l a n d e r  c a p s u l e s .  Beeause 
of t h e  d e n s e  a tmosphe re ,  l a n d i n g  v e l o c i t i e s  can  b e  l e s s  t h a n  
1 0 0  f e e t / s e c  w i t h  n o t h i n g  more t h a n  v e h i c l e  a e r o b r a k i n g .  The 
e a r l i e r  l a n d e r  pay load  can  be supplemented  by a panoramic TV 
s c a n  sys t em r e l a y i n g  data  t o  t h e  o r b i t e r .  Two l a n d e r s  a t  
d i f f e r e n t  p o i n t s  shou ld  p r o v i d e  t h e  bas i s  f o r  i n t e r e s t i n g  data  
compar i sons .  T h i s  m i s s i o n  shou ld  p r o v i d e  t h e  d e s i g n  basis f o r  
a p o s s i b l e  second  g e n e r a t i o n  s u r f a c e  l a n d e r .  The o r b i t a l  m i s s i o n  
w i l l  i n c l u d e  TV c l o u d  photography,  microwave imagery of t h e  s u r f a c e ,  
and  p o s s i b l e  h i g h  r e s o l u t i o n  f i l m  o r  d i e l e c t r i c  t a p e  pho tography .  
Improvements i n  t h e  o r b i t e r  communication sys t em s h o u l d  a l l o w  
a grea te r  data  r e t u r n  compared t o  t h e  1972 m i s s i o n .  

A f i n a l  o r b i t a l  m i s s i o n  i n  1977 s h o u l d  a t t e m p t  t o  
comple t e  t h e  c l o u d  and s u r f a c e  mapping t o  minimize t h i s  
f u n c t i o n  on t h e  manned f l y b y  m i s s i o n .  M u l t i p l e  p r o b e s  launched  
i n t o  t h e  a tmosphere  a t  d i f f e r e n t  p o i n t s  s h o u l d  p r o v i d e  a g l impse  
of  t h e  g l o b a l  weather p a t t e r n s .  Coupled w i t h  c l o u d  photography 
and s u r f a c e  da ta ,  s imple  c i r c u l a t i o n  and a t m o s p h e r i c  d e n s i t y  
models  s h o u l d  b e  c o n s t r u c t e d  t o  a i d  i n  m i s s i o n  p l a n n i n g  f o r  
s u b s e q u e n t  weather b a l l o o n  deployment .  
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The i n c r e a s e G  e x p l o r a t i o n  o b , z c t i v e s  o f  t h e  975 and 
1 9 7 7  m i s s i o n s  p r o b a b l y  would r e q u i r e  a v e h i c l e  w i t h  a pay load  
c a p a b i l i t y  between t h a t  o f  t h e  T i t a n  I11 C a n d t h e  S a t u r n  V .  
The p r i n c i p a l  weight  i n c r e a s e  would come from t h e  i m p a c t i n g  
l a n d e r  c a p s u l e s ,  and t h e  need for e i t h e r  a h i g h  r e s o l u t i o n  
o p t i c a l  or radar  imaging system. 

The f i r s t  manned f l y b y  m i s s i o n  p a s s e s  Venus i n  1979 
and a g a i n  i n  1 9 8 0 .  A p r ime o b j e c t i v e  o f  t h i s  m i s s i o n  i s  t o  
i n c r e a s e  t h e  u n d e r s t a n d i n g  of t h e  a t m o s p h e r i c  c i r c u l a t i o n .  A 
ma jo r  expe r imen t  w i l l  be t h e  deployment o f  m u l t i p l e  wea the r  
b a l l o o n s  which w i l l  r e c o r d  l o c a l  p r e s s u r e  and t e m p e r a t u r e  and 

f l o a t  a t  s e v e r a l  d i f f e r e n t  a l t i t u d e s  based on e a r l i e r  thermo- 
dynamic da ta .  S e v e r a l  improved f i r s t  g e n e r a t i o n  l a n d e r  p r o b e s  
may a l s o  be  l aunched  from t h e  manned s p a c e c r a f t .  A l s o ,  i f  
s u r f a c e  photography from o r b i t  has been  p r e c l u d e d  by  unbroken 
c l o u d  c o v e r ,  s e v e r a l  Ranger-type TV p r o b e s  might  be used t o  
pho tograph  t h e  s u r f a c e  l'rom below t h e  c loud  l a y e r .  

~. - 7  - l - - l l - - - -  . . ~ 4 1 1  h a  c a f  f n  De L I ' a C K e U  I I 'UI I I  ail U I U I C I L L  p A u v , .  -..- I _ _ _ _ _ . . .  

I n  1981  and 1983,  t h e  second manned f l y b y  m i s s i o n  
makes i t s  t x o  p a s e s  b y  Venus. The pr ime o b j e c t i v e  i s  t h e  
s e a r c h  f o r  l i f e  i n  t h e  Venus a tmosphere  and p o s s i b l y  on i t s  
s u r f a c e .  The m a j o r  a tmosphe r i c  p robe  might  be  a s o - c a l l e d  
Buoyant Venus S t a t i o n , ( l l )  
pound f l o a t i n g  expe r imen t  s t a t i o n .  Data from t h e  m e t e o r o l o g i c a l  
b a l l o o n  m i s s i o n  w i l l  be used t o  p r e d i c t  t h e  c o u r s e  o f  t h i s  
p r o b e  and t o  s e l e c t  a n  optimum deployment  p o i n t .  Key e x p e r i -  
men t s  w i l l  i n c l u d e  d e t a i l e d  compos i t ion  a n a l y s e s  o f  t h e  atmos- 
p h e r e  a t  v a r i o u s  p o i n t s  and t h e  s e a r c h  f o r  l i f e  forms i n  t h e  
temperate r e g i o n s  of t h e  a tmosphere .  A TV microscope  w i t h  
da ta  r e l ayed  t h r o u g h  an o r b i t a l  p r o b e  l i n k  e i t h e r  t o  e a r t h  or 
t h e  manned s p a c e c r a f t  cou ld  be u s e d  f o r  t h i s  expe r imen t .  
Second g e n e r a t i o n  s u r f a c e  l a n d e r s  may b e  employed, p o s s i b l y  
emphas iz ing  t h e  s e a r c h  f o r  l i f e  on t h e  ground.  

or BVS, which i s  a s e v e r a l  t housand  

The e x p l o r a t i o n  o f  Venus i n  t h e  8 0 ' s  would i n v o l v e  
manned o r b i t a l  m i s s i o n s  t o  o b t a i n  h i g h  r e s o l u t i o n  imagery of  
t h e  s u r f a c e  and a more d e t a i l e d  e x p l o r a t i o n  o f  t h e  a tmosphe re .  
A t  t h i s  t i m e ,  a manned l a n d i n g  on Venus a p p e a r s  t o  be u n f e a s i b l e  
due t o  t h e  h i  h s u r f a c e  t e m p e r a t u r e .  A Venus o r b i t i n g  m i s s i o n  
i n  t h e  e a r l y  8 0 ' s  would s e r v e  t o  p a c e  t h e  development i n  t h e  
7 0 ' s  o f  a h i g h  e n e r g y  s p a c e  s t o r a b l e  p r o p u l s i o n  sys tem.  T h i s  
s y s t e m  would p r o v i d e  t h e  c a p a b i l i t y  o f  s e n d i n g  r e l a t i v e l y  
l a rge  unmanned p r o b e s  t o  t h e  o u t e r  p l a n e t s  when used  as an  
o u t - o f - o r b i t  p r o p u l s i o n  system and  would a l s o  p r o v i d e  t h e  
c a p a b i l i t y  f o r  manned o r b i t a l  m i s s i o n s  t o  Mars. 

MERCURY 

Mercury i s  ext remely  d i f f i c u l t  t o  o b s e r v e  w i t h  ear th-  
based o p t i c a l  t e l e s c o p e s  because i t  i s  a n  i n n e r  p l a n e t  c l o s e  
t o  t h e  s u n .  I t s  small s i z e  and l a r g e  d i s t a n c e  from e a r t h  have 
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also made radio observations difficult. Only recently have 
radar astronomers shown that Mercury's rotation rate is not 
sun-synchronous as the optical astronomers had long thought. 

Optical imagery is probably the most interesting 
experiment to perform on a space mission to Mercury. This would 
provide data on surface topography and morphology, as well as 
measure the optical diameter so that the planet density could 
be determined. Since the moon and Mercury are of comparable 
size but have quitre different surface heating rates, com- 
parison of the morphology of the two bodies might lead to some 
insight into the visible effects of temperature on planetary 

a radio wave occultation experiment could determine atmospheric 
surface pressure and detect a possible ionosphere. Due to the 
position of the earth relative to the Sun and Mercury at en- 
counter, a compromise will have to be made between the extent 
of photographic coverage and the occultation experiment. 

- 
11-- - ' - - A +  - ~ c c ~ c  h a f r r r p p n  thp snacecraft and earth, - -" O U A I C L b L u .  - A  - - - -  

Direct flights to Mercury are available every year 
with a C3 of approximately 41 km 2 /see2, with little year-to- 

year variation. '12' 
is capable of launching a spacecraft in the Mariner '69 weight 
class on such a mission. The class of launch vehicles which 
could provide the necessary C for a Mariner '69 spacecraft is 3 
illustrated by the Titan III-C(l207). Venus swingby missions 
are available which in certain years offer a considerable 
savings in terms of C 
swingby opportunities occur in 1970 and 1973.(13~14) 
to Mercury is approximately 150 days and the C 's lie between 
12 and 20 km /sec2, which is within the capability of the 
Atlas/Centaur. Although swingby opportunities occur roughly 
every 19 months, the problems associated with the low periapsis 
altitude at Venus are such that opportunities in 1972, 1975, 
1977, and 1978 are not now thought to be usable. In the 80's 
and 90's several low energy opportunities are available with 
more acceptable Venus periapsis altitudes and trip times of 
approximately 300 days. The tradeoffs between guidance accuracy, 
propulsive maneuvers, and geometry for the late 70's 
opportunities have not been throughly explored and the above 
view may change as the result of more study. 

Neither the Atlas/Centaur nor the Titan 111-c 

Two of the most favorable Venus 3 '  
The trip time 

2 3 

Swingby missions are shown in Figure 1 for1970 and 
1973 to capitalize on the favorable opportunity for Mercury 
and on the advantage of visiting two planets with a single 
spacecraft. These missions have been discussed in part in the 
Venus section of this Memorandum. Different surface areas of 
Mercury could be photographed on each mission. 
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Figure 1 does not indicate flights to Mercury beyond 
1973, since the next mission should probably be an orbiter. 
Retrobraking a spacecraft into Mercury orbit is extremely 
costly in propulsion, and a determination of the value of this 
mission should be postponed until after the first successful 
flyby. 

JUPITER 

Jupiter is the brightest source of decametric raaia- 
tion in the s k y ,  with the possible exception of the disturbed sun. 
Its raaio emission is related to the planet temperature, charged 

completely understood. Hydrogen has been identified as the 
major constituent of the planet, with ammonia and methane being 
minor components. How these components are distributed in the 
atmosphere and solid body of the planet has not been determined 
experimentally. Perhaps Jupiter's most well known puzzle is the 
Red Spot which has intrigued scientists since it was first 
observed. 

' *  n 2 - 1 1  - - - - - n n + i n c  in a rn2nner which is not * - -  * ~ ~ ~ ' L ~ ~ ~ ~  a l l U  I l I U g A L C  V A V  + 

The possibility of sending probes to Jupiter and 
beyond may require advances in technology in several areas. 
These include non-solar power sources, reliability consistent 
with 1-5-10 year mission times, and long range communication 
systems. 

Figure 1 shows Jupiter probe flights in 1974 and 
1975 and the "Grand Tour" opportunities in 1977 and 1978.(15) 
The 1974 and 1975 flights are precursors to the "Grand Tour" 
missions and represent a new class of spacecraft with major 
advancements in the power and communication subsystems. 
Spacecraft in the 600 l b s  weight category using an Atlas/Centaur 
with a kick stage for the launch vehicle are under study. The 
experiment payload of this flyby spacecraft would emphasize 
interplanetary and planetary particle and field measurements. 
The meteoroid environment in the asteroid belt between Mars 
and Jupiter is also of scientific interest and would affect 
the spacecraft design for subsequent missions to the major 
planets. 

The two "Grand Tour" missions to the major planets 
in 1977 and 1978 use a Jupiter gravity assist to pass by 
Saturn and Uranus and finally reach Neptune approximately 8 to 
9 years after earth departure. Besides visiting four planets 
on a single flight, the normal trip time to Neptune is dimin- 
ished by about a factor of 3. This attractive oppo t ity is 
not known to be repeated within the next 100 years. S18-l 

By the time of the 1977 and 1978 flights, some 
improvements in the spacecraft communications and other sub- 
systems might raise the total spacecraft weight to around 1000 
lbs and would require a Titan 111-C/Centaur launch vehicle. 
Rather than develop two new launch vehicles for this program, 
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it is suggested that the Titan 111-C/Centaur also be used for 
the Galactic Jupiter Probe missions in 1974 and 1975. This 
extra booster capability could be used to advantage to shorten 
the trip time for the first Jupiter flights. 

A S T E R O I D S  AND COMETS 

Several flyby mission opportunities are available in 
the late 1970's and early 1980's to reach comets and asteroids!l5) 
These would employ Mariner ' 6 9  spacecraft technology, although 
improvements would have to be made in the scan platform to 
counter the high closure rates. TV would be a prime experiment. 

opportunities in the 1970's. 
r n L -  A C T - -  / O - - + o > r n  7 . ~ n ~ r l i 1  r n n n - 7 -  g c  the 1 ~ l l n r h  T T p h i  P I P  f n r  the 
-. . - .  

SUMMARY 

The planetary program presented is a way of obtaining 
substantial scientific data on the nature and structure of the 
solar system during the ~ O ' S ,  of keeping the option of manned 
planetary exploration in the late T O ' S ,  and of providing for 
continued unmanned exploration of the outer planets. It is, as 
of December, 1967, feasible and meaningful. The particular 
program depends on certain critical F Y  69 thru F Y  71 funding 
decisions. A s  these decisions are made, it will be necessary 
to introduce variations in the follow-on program. A s  more 
technical work is completed, better means to accomplish the 
missions may be found. The exploration logic is somewhat more 
durable and provides a basis for structuring a planetary pro- 
gram as future deciszons are taken by N A S A .  

I 

.I' J. P. Downs 

J P D  1 0  1bWBT- j an 
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